This paper develops an accounting framework to consider the effect of deaths on the longitudinal analysis of income-related health inequalities. Ignoring deaths or using inverse probability weights (IPWs) to re-weight the sample for mortality-related attrition can produce misleading results, since to do so would be to disregard the most extreme of all health outcomes. Incorporating deaths into the longitudinal analysis of income-related health inequalities provides a more complete picture in terms of the evaluation of health changes in respect to socioeconomic status. We illustrate our work by investigating health mobility in Quality Adjusted Life Years (QALYs) as measured by the SF6D from 1999 till 2004 using the British Household Panel Survey (BHPS). We show that for Scottish males explicitly accounting for the dead, rather than using IPWs to account for mortality-related attrition, changes the direction of the relationship between relative health changes and initial income position, while for other population groups it increases the strength of this relationship by up to 14 times. When deaths are explicitly incorporated into the analysis it is found that over this five year period for both Scotland and England & Wales the relative health changes were significantly regressive such that the poor experienced a larger share of the health losses relative to their initial share of health and a large amount of this was related to mortality.
Introduction
A strong cross-sectional relationship between individuals' socioeconomic status and health has been documented in numerous studies (Benzeval and Judge, 2001; Deaton, 2003; Gerdtham and Johannesson, 2004) . Significant income-related inequalities in health have persisted, and even increased, in some western countries over the last decade in spite of considerable improvements in average health status (Van Doorslaer and Koolman, 2004; Kunst et al., 2005) . Thus, reducing socioeconomic inequalities in health has become a key policy objective for many European governments (Mackenbach and Bakker, 2002) . As with any policy objective, it is important to be able to evaluate progress and understand reasons for progress in order to inform future policy (Exworthy, 2006) .
Often the longitudinal analysis of income-related health inequalities focuses on how the cross-sectional relationship, between income (or some other socioeconomic status indicator) and the morbidity of those currently alive, evolves over time (Lahelma et al. 2002; Gravelle and Sutton, 2003; Kunst et al., 2005) . However, in order to evaluate the performance of policies in reducing income-related health inequalities, a measurement framework is needed which simultaneously examines changes in inequality associated with both morbidity changes and mortality (Khang et al. 2004) .
The main measure of income-related health inequality within the health economics literature is the concentration index (Wagstaff and Van Doorslaer, 2000) . This captures the extent to which good health in any period is concentrated among the rich compared to the poor and is equal to twice the covariance between health and income rank normalised by average health.
Changes in the concentration index (CI) over time have been analysed in the manner of Gravelle and Sutton (2003) using repeated cross-sections, but this does not consider the impact of individuals dying and dropping out of the population between cross-sectional surveys. The changes in cross-sectional income-related health inequality are usually calculated based only on a sample of those in the population at each point in time. Holding all else equal, if those who are poor and sick in the initial period are more likely to die than the rich and sick then this will result in an improvement in the cross-sectional CI of those alive in the final period, even though such a transition is likely to be viewed as a policy failure rather than a success.
The longitudinal analyses of the concentration index have also been conducted using both balanced and unbalanced panel data on individuals where the dead are either excluded from the analysis is all periods or included only in periods where they are alive 1 . One recent longitudinal study, Allanson et al. (2010) , tracks the performance of individuals over time by decomposing the change in the CI into "income-related health mobility", which measures the effect of the relationship between health changes and the initial income rank of the individuals on the change in the CI, and "health-related income mobility", which measures the effect of the relationship between income rank changes and the final health of the individuals on the change in the concentration index 2 . While this allows one to follow the performance of individuals over the period it again does not capture the impact of individuals who are alive in the initial period but dead by the final period, as it uses a balanced sample of only those alive in both periods. Taking 1 In most cases individuals who die during the period are excluded from the sample when a longitudinal perspective is taken as in Wildman (2003) , Jones and Lopez-Nicolas (2004) and Allanson et al. (2010) . Islam et al. (2010) compare the results from an unbalanced sample with a balanced sample while investigating the extent to which income-related health inequalities change as the population ages. 2 Note that in Allanson et al. (2010) we also outline an alternative decomposition which measures "income-related health mobility" and "health-related income mobility" from a different perspective. mortality into account is important for the evaluation of policies which tackle health inequalities since a failure to do so would ignore perhaps the most important of all health outcomes.
One option used to deal with attrition in analysing the dynamics of health is to reweight the sample using inverse probability weights (IPWs) (Jones et al., 2006; Van Kippersluis et al., 2009 ). This involves placing extra weight on those individuals within the final sample who appear to have the same initial characteristics as those who drop out of the sample. However, in the current context, it seems unreasonable to assume that there are some individuals who stay within the sample (stay alive) who could represent the longitudinal experience of those that die, given that death is the most extreme health outcome possible 3 . In particular, if those that die between the initial and final period were likely to be in general sicker in the initial period, then by construction the sick in the initial period that stay alive between the initial and final period obviously had a better longitudinal experience in terms of their health. Therefore, simply placing more weight on the performance of these individuals would bias the result. In our empirical example we show that for Scottish males explicitly accounting for the dead rather than using IPWs to account for mortality-related attrition changes the direction of the relationship between relative health changes and initial income position, while for other population groups it increases the strength of this relationship by up to 14 times. This paper aims to provide a unified framework for the longitudinal analysis of changes in income-related health inequality due to both morbidity changes and mortality, based on the assumption that the dead are assigned a health state of zero 4 . First, we provide an overview of the longitudinal methods employed by Allanson et al. (2010) . Second, we extend these methods to 5 account for the impacts of mortality on income-related health inequalities. The paper then uses data from the BHPS (British Household Panel Survey) to perform an ex-ante evaluation of the extent to which relative health changes from 1999 to 2004 in England & Wales and in Scotland were progressive in the sense that they have favoured the initially poor. It compares the results when mortality is assumed to be a form of attrition and adjusted for using IPWs to when mortality is explicitly included in the analysis. Finally, the paper compares the performance of England & Wales versus Scotland in tackling income-related health inequalities over this period.
Methods

Review of the longitudinal analysis of income-related health inequalities
We provide an overview of the decomposition methods in Allanson et al. (2010) which are based on a balanced sample where all individuals considered are alive in both periods.
The approach is based on the simple observation that any change in income-related health inequality over time must arise from some combination of changes in health outcomes and income ranks. By decomposing the change in CI between two periods, an index of incomerelated health mobility is provided that captures the effect on short run income-related health inequality of differences in relative morbidity changes between individuals with different levels of initial income. Thus, the measure addresses the question of whether the pattern of morbidity changes is biased in favour of those with initially high or low incomes, providing a natural counterpart to measures of income-related health inequality that address the issue of whether those with better health tend to be the rich or poor. In addition, a health-related income mobility 6 index that captures the effect of the reshuffling of individuals within the income distribution on cross-sectional income-related health inequalities is obtained.
The change in the short run CI between any initial (or start) period s and any final period f of only those alive in both periods is decomposed into two parts:
where, 
where A s CI Δ is the concentration coefficient of morbidity changes ranked by initial income 5 and share of total health gains or losses than those with high incomes, and will equal zero for a universal flat-rate gain or loss.
While this analysis does examine the performance of individuals over time it only involves a balance sample and thus excludes those that die between the two periods. Next we extend this analysis to consider the impact of mortality on the change in the CI.
Accounting for the dead
We now decompose the change in the concentration index across two periods where some of the initial population drops out of the population due to mortality. 
where, s h is the average initial period health of all individuals regardless of whether they are alive or dead in the final period; f h is the average final period health of all individuals including the death who are assumed to have a health of zero; is R is the income rank of an individual in the initial period (regardless of whether they are alive or dead in the final period); is h is the health of an individual in the initial period regardless of whether they are alive or dead in the final period; 
Where h Δ is the average change in health (including both morbidity changes and mortality), and s CI Δ is the concentration index of the change in health (included both morbidity changes and mortality) by initial income rank.
Furthermore H M can be expanded to consider the separate vertical redistributive effects of health changes due to morbidity changes and mortality: where the scaling factor due to mortality will be higher than might be expected since the averages are determined by net rather than gross health changes. This is because and health changes due to mortality are all negative while health changes due to morbidity are both positive and negative and will therefore to some extent cancel each other out. It is also easily shown that the overall progressivity index is simply the weighted average of the component progressivity indices,
, with weights determined by the net health change shares.
We now expand out the income re-ranking term R M into two key components. Some of the income re-ranking is due to the dead dropping out of the income distribution (and the remaining being re-ranked as a result) while some income re-ranking reflects the shuffling of those alive in both periods.
given that those dead in the final period are given a health status of zero, (5) may be re-written as:
where D if h is the health state of the dead which by assumption will be equal to zero. Thus, (6) becomes;
We then use the income rank for the initial period income, excluding those dead in the final period, A is R , to separate the re-ranking effect due to reshuffling of those still alive compared to reranking effect due to the dead dropping out of the sample.
The term 2 ( )( )
measures the relationship between the change in income rank based on final health, only considering those living in both periods 6 , and the term For RMT M if those who died were, in general, more likely to have been the poor in the initial period then ( )
is likely to be negative as those who are still alive are likely to have been ranked higher in the initial period when those who died were included in the ranking rather than when they were excluded (e.g. if we remove the poorest person from the income distribution then all individual income ranks will fall as they become closer to being the poorest person). And thus, given that A if h must be positive then if those who died were, in general, poor in the initial period this second term will be negative and will make the change in concentration indices between the two periods look smaller and therefore make the final period look more equal than otherwise. If deaths were not related to initial income and were instead random then 6 Note that as long as the sample weights for each observation are the same when including or excluding the dead then this is the same as the health-related income mobility when the dead are excluded.
( )
A is is
would be expected to be zero and there would be no effect on the final concentration index.
Decomposing changes in concentration indices for Scotland and England & Wales
We use both the original decomposition ( 
Health Measure
The health measure used is Quality Adjusted Life Years (QALYs) derived from the SF6D instrument (Brazier et al. 2002) , which is available for 1999 and 2004 in the BHPS (i.e. Waves 9 and 14). Those who had been reported deceased by friends, family members or other contacts in or before 2004 were given a QALY weight of zero in 2004.
Income Measure
The income measure (y) used is equivalised household income, which takes into account the number of adults and children in the household using the McClements equivalence scale (Taylor, 1995) . Because the analysis only involves the relative income rank at each point in time there is no need to convert incomes into real terms.
Sample Attrition
Some individuals in our sample do not report health or income in the final period. A proportion of this is because individuals die between the two periods, but deaths are not the only cause of sample attrition and therefore to provide a more accurate picture of the ex-ante evaluation of changes in income-related health inequalities we also consider other reasons for sample attrition.
We report the differences in initial health, income and age for all those that drop out of the sample in the final period against those who remain in the sample.
To control for attrition we use Inverse Probability Weights (IPWs) (as per Jones et al., 2006 and Wooldridge, 2002) . This is done by using probit models to derive the probability with regards to the likelihood of non-response in the final period for each individual in the initial sample. These are then used to adjust the initial sample weights such that those who had a higher probability of non-response are given a higher weight, as they are underrepresented in the observed sample. We derive two different alternative final weightings, one which considers death as just another source of sample attrition and one which excludes deaths as a form of sample attrition. Note that while reweighting the sample to take account of death-related attrition is likely to produce misleading results, reweighting the sample for other attrition will have no effect on the progressivity and vertical redistribution indices if those that leave the sample have, on average, the same longitudinal profiles as those individuals with similar initial characteristics who remain in the sample. In all calculations we provide weighted indices where the weights are derived from a combination of the sample weights from the initial period given in the BHPS and adjustment due to sample attrition.
Sample and individual weights
Our initial sample includes all those who answered a full questionnaire in 1999 7 and the BHPS provides cross-sectional weights (W) for all those who have a full questionnaire in this wave. ε is assumed to be normally distributed. Next we address the problem of non-random attrition between the initial and final periods. We apply the same IPW procedure as above to take into account those individuals who did not receive a full interview or had missing data on health in the final period 2004. Here we 17 derive two different possible weightings. First, one weighting assumes reported deaths are not attrition, such that, i NMissf is equal to 1 if the individual had data on health in the final period or had been recorded as having died before the final period. 
Decompositions
We first apply the decomposition of Allanson et al. (2010) to only those alive in both periods (using weights assuming reported death as just some other form of attrition). Secondly we apply the new decomposition described in this paper to the change in the concentration index considering both those alive and dead in the final period (using weights assuming reported death is not a form of attrition). We apply the measures separately for males and females and conduct the analysis separately for those residing in England & Wales or in Scotland in 1999 11 .
Robustness
In order to explore the statistical significance of the results and whether or not the results significantly differ across genders and countries we apply a bootstrap sampling procedure 2000 times, where the re-sampling occurs at the clustered level (Primary Sampling Unit) 12 . The mobility calculations are re-estimated for each bootstrapped sample to provide 95% confidence intervals around the concentration and mobility indices and provide significance levels.
To further illustrate that explicitly taking mortality into account rather than just using IPWs is important we also take a very conservative approach and estimate the income-related health mobility assuming death has an implied weight of 0.319 rather than zero, where 0.319 is the lowest QALY weight of anyone still alive in our population in the final period. 13 11 Of those individuals whom resided in England in 1999, 16 (<1%) are found to reside in Scotland in 2004. Of those individuals who resided in Scotland in 1999, 26 (<1%) are found to reside in England or Wales in 2004. 12 The individual weights are set from the original sample and the bootstrapping procedure does not include reestimating the individual weights. 13 We thank Tom Van Ourti for this suggestion. In general, for both countries it can be seen than those who died between the two periods where sicker, poorer and older in 1999 compared to those who survived. Those who did not respond in 2004 due to age, infirmary, disability or because they were institutionalized were also sicker, poorer and older in 1999 but these accounted for only a very small percentage of the total sample (<1%). In general, those in Scotland, compared to those in England & Wales, who answered the full questionnaire in 1999 were less likely to answer the full questionnaire again in 2004 mainly due to a higher refusal rate (including adamant refusals at previous waves), more people not being contactable and more telephone interviews taking place in Scotland for 2004. 
Results
Deaths and Sample Attrition
Sample weights and Inverse Probability Weightings (IPWs)
Appendix A, Table A1 , provides the results for each of the probit models which are used to derive the inverse probability weightings (IPW) and thus re-weight the sample for; missing initial health data in 1999, ECHP sub-sample exclusion, sample attrition and missing health data in 2004 including death and the sample attrition and missing health data in 2004 excluding death.
The results suggest that older individuals who answered the full questionnaire in 1999 were significantly less likely to have their health variable available in 2004 than younger individuals.
As expected, those in the ECHP sample were more likely to be poorer, older and sicker in 1999 than those in the regular BHPS sample.
In both cases when deaths were included and excluded as a form of attrition, nonresponse was significantly related to among other things initial health and income. Those who did not give a full interview (apart from those recorded as dead) or did not answer the necessary health questions in 2004 were significantly more likely to be male, younger, poorer, sicker and from Scotland in 1999 than those who either answered the health questions in the full interview for 2004 or were recorded as dead by 2004.
Differences in results when the dead are explicitly included in the analysis
As can be seen in when mortality is accounted for by using IPWs to be being 14.5, 6.7 and 4.9 times larger respectively when mortality is explicitly included in the analysis (Tables 2 & 3) .
The breakdown in terms of the mortality and morbidity contributions to the incomerelated health mobility are also provided Tables 2 & 3. In all cases the mortality related incomerelated health mobility provided the greatest contribution, however, this may not be surprising given that the poor were sicker to start with and those who are sicker tend to have a higher 
Sensitivity to mortality assumption
Even when we take a conservative approach and assume mortality to be equal to the lowest health level achieved of those still living in the final period (0.319) instead of zero, we find large differences in income-related health mobility compared with using IPWs methods to account for the mortality-related attrition. Given this conservative assumption, Scottish males' income- 
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accounted for by using IPWs to be being 7.4, 3.9 and 2.8 times larger respectively when mortality is explicitly included in the analysis and given a QALY weight of 0.319.
Comparing the results across regions
When mortality is explicitly included both males and females in England & Wales appear to have higher levels of income-related health mobility than Scotland, though the differences are not significant at conventional levels. Examining the progressivity index and the scale factors allows us to explore the extent to which this is a result of either larger relative health changes in
England & Wales (a scale factor) or health changes which are more concentrated in the poor in
England & Wales (progressivity index), compared to Scotland. For males, the relative health losses in England & Wales are significantly larger (10% level) than for Scotland and this appears to drive the higher income-related health mobility. While for females the opposite appears true with a the higher progressivity index in England & Wales, which is significant at the 5% level, driving the differences and suggesting that the relative health losses in English & Welsh females were more concentrated within the poor compared to Scotland. All are weighted statistics. The "excluding deaths" statistics use the weights which are derived assuming deaths are just another form of attrition and this therefore explains the differences in mean health 2004. The parentheses are the lower and upper 95% bootstrapped percentiles from 2000 replications. ***,**, * represent significance at the 1, 5 and 10% levels respectively. Income is measured in thousands of pounds. Note that when the deaths are excluded and just treated as attrition this places greater weight on those remaining individuals who were poor and sick in 1999 compared to when deaths are explicitly included in the analysis. All are weighted statistics. The "excluding dead" statistics use the weights which are derived assuming deaths are just another form of attrition and this therefore explains the differences in mean health 2004. The parentheses are the lower and upper 95% bootstrapped percentiles from 2000 replications. ***,**, * represent significance at the 1, 5 and 10% levels respectively. Income is measured in thousands of pounds. Note that when the deaths are excluded and just treated as attrition this places greater weight on those remaining individuals who were poor and sick in 1999 compared to when deaths are explicitly included in the analysis.
Conclusion
This paper extends Allanson et al. (2010) by outlining a decomposition method in order to account for the dead in the longitudinal analysis of income-related health inequalities. Excluding deaths from the analysis gives a misleading picture of the performance in tackling incomerelated health inequalities. A consistent or even increasing cross-sectional concentration index of the population over time may not be a bad outcome if it is a result of efforts to keep the poor and sick alive for longer than previously may have been the case. Reweighting the sample to account for mortality-related attrition does not solve the problem as those who die between the initial and final periods experience the most extreme health changes possible and are thus significantly different from those with the similar initial characteristics but who stay alive.
The decomposition method outlined in the current paper provides a comprehensive picture of the extent to which both morbidity changes and mortality are related to socioeconomic status and how these impact on income-related health inequalities. Using the performance of England & Wales and Scotland from 1999 till 2004 as an example it was found that explicitly accounting for the dead is important and can lead to very different results in evaluating the performance of reducing income-related health inequalities compared to when the sample is just reweighted assuming mortality is another form of attrition.
Including deaths in the analysis suggests that the relative health changes for both regions and genders between 1999 and 2004 were significantly regressive such that the initially poor experienced a greater share of the health losses compared to their initial share of health. This was mostly because those who were initially poor were more likely to die between the two periods than the rich. However, as the dead drop out of the population this also contributes to a lower final cross-sectional CI of those still alive in 2004 for both sexes and regions compared to if 28 those you had died between 1999 and 2004 were included but given their initial income rank. If the health system in these regions had done a better job at keeping the poor and sick alive then this may have made the 2004 CI appear worse but would have show up in our new decompositions by making the income-related health mobility less regressive.
When deaths are explicitly taken into account all of the mobility indices are significant for each region and gender, however, there are very few significant differences between regions for the indices. The significant differences that are found suggest that the relative health losses for females in England & Wales are more concentrated in the poor compared to relative health losses for females in Scotland. While for males there is some evidence to suggest that those in England & Wales experienced a larger total relative health loss over the period than the Scottish but there was very little difference in terms of how concentrated these relative health losses were among the poor.
In the current analysis we have only considered the longitudinal analysis of those that reported their health and income levels in the initial period and thus have excluded from the analysis some individuals who were alive in the initial period but for some reason may not have completed the questionnaire 16 . As such the analysis may not be representative of the population as a whole if those that did not answer the initial questionnaire experienced different longitudinal outcomes than those that did. Also we have assumed that those who did not provide responses to the questionnaire in the final period due to reasons other than mortality experienced similar patterns in terms of health and income rank changes between the initial and final periods as their counterparts with similar characteristics in the initial period and thus controlled non-mortality 16 The longitudinal data will also not capture the experience of those who enter the population during the period such as recent migrants or those born during the period. 29 related attrition by using IPWs. Further research is needed to explore the extent to which this fails to hold and how it impacts on the results.
It is also worth noting that the comparison of mobility indices across countries and genders may be misleading to the extent that socioeconomic health differentials may be expected to have changed over the period simply due to both the ageing of the sample (Kiula and Mieszkowski, 2007) and changes in other determinants of health which may differ across populations groups. Further research is needed to develop standardized measures of mobility to account for those factors which are outside the control of policy.
While the decomposition in this paper has been applied to the change in the CI over time and therefore measures changes in relative income-related health inequalities it can also be easily extended to consider the decomposition of changes in absolute and other income-related health inequality measurement tools (see Allanson, 2010) . All dependent variables are equal to 1 when they are still included in the sample and 0 when they are to be excluded from the sample due to missing data. ***, **, * refers to significance at the 1, 5 and 10% level respectively. Age refers to the age in 1999. Scotland refers to the fact that the individual was recorded as resident in Scotland in 1999 and are given a value of zero if they are resident in England or Wales in 1999. Note that two individuals do not report their age and therefore these are individual were given their original cross-sectional weights with no adjustments. Income is equivalised annual income measured in thousands of pounds.
